The rapid and continuous progress in trace analysis of metals is associated with development of several new techniques such as spectrophotometry. Thiosemicarbazones have been used as chromogenic reagents in spectrophotometric determination of metals. In this study the synthesis and characterization of pyridoxal thiosemicarbazone (PDT) and 2-acetyl pyridine thiosemicarbazone (2-APT) using IR, MS, and , respectively. A first derivative spectrophotometry method is proposed for the determination of Zn(II) in the range 0.06-2.94 and 0.05-2.72 μg/mL of Zn(II) using PDT and 2-APT, respectively. The first derivative spectrum of Zn(II)-PDT and Zn(II)-2-APT complexes exhibits maximum amplitude at 400 and 385 nm, respectively The method was tested for Zn(II) determination in soil and vegetable samples. Using paired sample t-test at 0.05 level, the results were in good agreement with those obtained using flame atomic absorption spectrophotometer.
PUBLIC INTEREST STATEMENT
Zinc is one of the trace elements found in nature and required in a trace amount by living organisms. So determination of its amount in various media such as soils and vegetables is so important. One of the techniques used for determination of Zn(II) is spectrophotmetry using chelating or complexing agents. For this reason, two Zn(II) complexes of pyridoxal thiosemicarbazone (PDT) and 2-acetyl pyridine thiosemicarbazone (2-APT) have been synthesized and characterized by various techniques. The reagents have been tested as an alternative chelating agent and therefore used for the determination of Zn(II) in real sample analysis (soil and vegetables).
Introduction
The presence of small quantities of zinc is essential for the growth of plants and animals including human beings. It acts as a co-factor in numerous enzymes, and plays an important role in protein synthesis and cell division (Reddy, Kumar, Ramachandraiah, Thriveni, & Reddy, 2007) . Zinc is one of the more abundant metals in the human body and is vital for the growth, development, where over 300 enzymes contain zinc ions in their active sites (Wałęsa-Chorab et al., 2011) . In addition, it plays a number of important biological roles such as in the synthesis of deoxyribonucleic acid (DNA) and ribosomal ribonucleic acid (RRNA) (Islam & Ahmed, 2013; Sarma, Kumar, Reddy, Thriveni, & Reddy, 2006) . The deficiency of zinc leads to retarded growth, lower feed efficiency, impaired DNA synthesis, delayed wound healing, decrease in collagen synthesis, and inhibits the general well-being (Krishna Reddy, Rajesh Kumar, Subramanyam Sarma, & Varada Reddy, 2002; Sarma et al., 2006) . Besides its biological importance, zinc has industrial significance (Sarma et al., 2006) . It is used in the protection of steel against corrosion, dry batteries, photoengraving, and lithography (Bhalotra & Puri, 1999) . On the other hand, zinc can be toxic when exposures exceed physiological needs. Zinc is present in many foods, soil and is also found in a number of pharmaceutical samples, causing environmental pollution (Reddy et al., 2007) . Significant concentrations of zinc may reduce the soil microbial activity and also is a common contaminant in agricultural and food wastes (Ma et al., 2009) . Zinc is released into the environment by chemical weathering of zinc minerals (Islam & Ahmed, 2013) .
The separation and determination of trace amounts of zinc is indispensable and currently of great interest in many scientific fields, including environmental monitoring. Therefore, sensitive, selective, and rapid methods for the determination of zinc are of paramount importance. A number of analytical techniques such as atomic absorption spectrometry (AAS) (Ata et al., 2015; Uddin et al., 2016) , inductively coupled plasma-atomic emission spectroscopy (ICP-AES) (Escudero, Cerutti, Martinez, Salonia, & Gasquez, 2013; Ozbek & Akman, 2016; Senila, Drolc, Pintar, Senila, & Levei, 2014) , inductively coupled plasma-mass spectrometry (ICP-MS) (Wysocka & Vassileva, 2016) , fluorescence spectrometry (Ma et al., 2009) , and electroanalytical techniques (Chaiyo et al., 2016; Lo Coco, Ceccon, Ciraolo, & Novelli, 2003) are widely applied to the determination of zinc at trace level in various matrices. However, zinc can alternatively be determined by spectrophotometric method (Kiran, 2012) . Spectrophotometry is essentially a trace analysis technique and is one of the most powerful tools in chemical analysis (Islam & Ahmed, 2013) .
The derivative spectrophotometry is a spectral technique in which a slope of the spectrum, that is the rate of change in absorbance with wavelength, is measured as a function of wavelength, which at the same time shows good sensitivity and specificity. In the derivative spectrum, the ability to detect and to measure minor spectral features is considerably enhanced, resulting in increased sensitivity (Karpinska, 2004; Sánchez Rojas & Bosch Ojeda, 2009; Sedaira, 2000) . This technique offers an alternative approach to the enhancement of sensitivity and specificity in mixture analysis (Bosch Ojeda & Sanchez Rojas, 2004) . The derivative spectra starts and finished at zero, passes through zero at the same wavelength as maximum wavelength (λ max ) of the absorbance band with first a positive and then a negative band, with the maximum and minimum at the same wavelengths as the inflection points in the absorbance band (Bosch Ojeda & Sanchez Rojas, 2004) .
Thiosemicarbazone usually react with metallic cations giving complexes in which the thiosemicarbazones behave as chelating ligands (Casas, Garcıá-Tasende, & Sordo, 2000) . Thiosemicarbazone derivatives are of considerable interest due to their versatility as ligands bearing suitable donor atoms for coordination to metals with strong coordinating ability (Singh & Singh, 2015) . They show a wide range of chemical properties depending on the parent aldehyde or ketone (Kovala-Demertzi, Gangadharmath, Demertzis, & Sanakis, 2005; Prathima, Subba Rao, Adinarayana Reddy, Reddy, & Varada Reddy, 2010) . Zn(II) forms chelate complex with many chromogenic reagents such as thiosemicarbazones. Some representative examples are benzildithiosemicarbazone (Krishna Reddy et al., 2002) , di-2-pyridyl ketone salicyloylhydrazone (Gaubeur, da CunhaAreias, Ávila Terra, & Suárez-Iha, 2002) , 2,4-dihydroxybenzaldehyde isonicotinoyl hydrazone (Sivaramaiah & Raveendra Reddy, 2005) , pyridoxal-4-phenyl-3-thiosemicarbazone (Sarma et al., 2006) , N-ethyl-3-carbazolecarboxaldehyde-3-thiosemicarbazone (Reddy et al., 2007) , di-2-pyridyl ketone benzoylhydrazone (Vieira et al., 2008) , bis-[2,6-(2′-hydroxy-4′-sulpho-1′-napthylazo)]pyridine disodium salt (Barman & Barua, 2009 ), 2-benzoylpyridine thiosemicarbazone (Reddy, Reddy, & Reddy, 2011) , and 5,7-dibromo-8-hydroxyquinoline (Islam & Ahmed, 2013) . The aim of this work was to develop a sensitive and efficient spectrophotometric method for Zn(II) determination using chromogenic reagents containing a Schiff base. The conditions for the spectrophotometric determination of Zn(II) with PDT and 2-APT were described. Various factors influencing the sensitivity of the proposed method such as the pH and ranges of applicability of Beer's law on the determination of Zn(II) were also studied. The method was applied to soil and vegetable samples as well and compared to standard method flame atomic absorption spectrometry (F-AAS).
Experimental

Chemicals and instrumentation
All the chemicals were used without purification. The chemicals used were 99% N,Ndimethylformamide (DMF), 99.9% dimethyl sulfoxide (DMSO), 98% 2-acetylpridine, 98% pyridoxal hydrochloride, 99% thiosemicarbazide, 37% hydrochloric acid, 98% sulfuric acid, and 99% zinc sulfate heptahydrate (ZnSO 4 •7H 2 O). All the glassware were cleaned with 5% HNO 3 . The absorption spectra of the reagents were recorded using UV 2,450 single beam spectrophotometer (Shimadzu, Japan) while the pH was measured with digital pH meter (Model Li-120, ELICO, India). The synthesized reagents were characterized by spectrum 100 IR spectrophotometer with KBr discs (Perkin-Elmer, UK), 1 HNMR JEOL GSX-400 high resolution spectrometer (JEOL, USA), and Micro Mass VG-7,070 H Mass spectrometer (UK). The zinc concentration was determined using Varian AA 240FS atomic absorption spectrometer (Varian, USA).
Preparation of working solutions
A stock solution of Zn(II) (1 mg/mL) was prepared by dissolving 4.398 g of ZnSO 4 •7H 2 O in distilled water containing a few drops of conc. H 2 SO 4 and standardized by 8-hydroxyquinoline (Vogel, 1989) . The buffer solutions were prepared by mixing suitable portions of HCl and sodium acetate (pH 1-3), acetic acid and sodium acetate (pH 3.2-7.0), and ammonium hydroxide and ammonium chloride (pH 8.0-12.0). The PDT was prepared according to a modified procedure described in the literature (Floquet et al., 2009; Manikandan et al., 2015; Sarma et al., 2006; Tido, Vertelman, Meetsma, & van Koningsbruggen, 2007) . Equimolar amount of thiosemicarbazide and pyridoxal hydrochloride (in 10 mL ethanol) were mixed, refluxed for 5 h and cooled to room temperature. The solid material was filtered, washed, and dried. The 2-APT was prepared according to the procedure reported by Admasu, Reddy, and Mekonnen (2016) .
Absorption spectra of reagent solutions and metal complexes
In a 25 mL volumetric flask, 1 mL of 1 × 10 −2 M reagent solution and 10 mL of buffer solution (acetic acid and sodium acetate for PDT system, and ammonium hydroxide and ammonium chloride for 2-APT system) were added and diluted to the mark with distilled water. The absorbance of the reagent solution was measured against water blank. For measuring the absorption spectrum of complex, in a 25 mL volumetric flask 10 mL of buffer (acetic acid and sodium acetate for PDT system, and ammonium hydroxide and ammonium chloride for 2-APT system) and suitable concentration of metal ion and reagent solutions (10-fold molar excess to metal ion) were added. The contents were diluted to the mark with distilled water and the absorbance was measured against the reagent blank. To see the effects of pH, in a set of 25 mL volumetric flasks 10 mL of series of buffer solution (pH 3.0-10.0), constant amount of metal ion and reagent (usually 10-fold molar excess to metal ion) solution were added and made to the mark with distilled water. For finding optimum amount of reagent required known aliquot of reagent solution was taken in a set of 25 mL volumetric flasks, each containing 10 mL of buffer solutions (acetic acid and sodium acetate for PDT system, and ammonium hydroxide and ammonium chloride for 2-APT system) and fixed amount of metal ion and diluted to the mark with distilled water. The absorbance of each solution was measured at λ max against corresponding reagent blank. Similarly, the absorbance of the colored complex solution was measured at λ max against reagent blank at different time intervals so as to determine the stability of the complex and time interval required for full color development.
Soil and vegetable sample preparation
The soil samples were collected from three sampling spots (Adi Desta, Adi Nfas, and Adi Kula) in Abraha Atsbeha village, Tigray, Ethiopia, while the vegetable samples (tomato, cabbage, and spinach) were collected from the local market in the village with plastic bags. The soil samples were kept oven-dried at 105°C for 24 h, sieved to <2 mm, milled to the fine powder, and stored in double-cup polyethylene bottles. The vegetable samples were rinsed in distilled water, air-dried, finely powdered, and stored in double-cup polyethylene bottles. About 10 g of soil (2 g of vegetable) samples were taken in a silica crucible, heated to oxidize organic matter, and ashed at 550°C, in a muffle furnace for 4-5 h. The ash was then dissolved by heating with 10 mL of 2 N HCl and filtered (Reddy et al., 2007) . The working calibration solutions were made up from 1,000 mg/L standards. The regression values (R 2 ) of the calibration curve was >0.999. The concentration of Zn in the digested samples was determined at a wavelength of 213.9 nm with hallow cathode lamp using an air-acetylene flame. The analyses were conducted in triplicate and the results presented as means ± standard deviation.
Determination of the stoichiometry and stability constants of the complexes
The composition of the Zn(II)-PDT and Zn(II)-2-APT complexes were determined by Job's continuous variation (Huang, Zhou, Yang, & Chock, 2003; Mansour & Danielson, 2012) and mole ratio methods (Mansour & Danielson, 2012) . For Job's method, the metal and reagent solutions were mixed in different proportions in 25 mL volumetric flask and diluted to the mark with distilled water in the presence of buffer solution (acetic acid and sodium acetate for PDT system, and ammonium hydroxide and ammonium chloride for 2-APT system). The absorbance was recorded at λ max , against the corresponding reagent blank. A plot between mole fraction of the metal ion and the absorbance was made so as to get the metal-ligand ratio based on Job's method. The stability constants of the complexes were also calculated. For mole ratio method constant amount of metal ion and known and varying aliquots of the reagent solutions were added in a series of 25 mL volumetric flasks in the presence of buffer solution (acetic acid and sodium acetate for PDT system, and ammonium hydroxide and ammonium chloride for 2-APT system) and diluted to the mark with distilled water. The absorbance was recorded at λ max , against the corresponding reagent blank so as to get the metal-ligand ratio based on molar ratio method.
Statistical analysis
All mathematical and statistical computations were made using Excel 2007 (Microsoft Office) and OriginPro 8.5.0 SR1 (OriginLab Corporation, USA). The data were reported as mean ± standard deviation. Student t-test was used for comparison of the developed method with standard method.
Results and discussion
Characterization of PDT and 2-ATP
The PDT and 2-ATP were characterized by IR, The mass spectrum of PDT shows signal at 241 (M + 1) corresponding to its molecular ion peak. The molecular formula of the reagent is C 9 H 12 N 4 O 2 S (M. Wt 240) (Floquet et al., 2009 ). The IR, 1 H NMR, and mass spectra of 2-APT was already reported and discussed by Admasu et al. (2016) . http://dx.doi.org/10.1080/23312009.2016.1249602
Absorption spectra of complexes and optimum condition for complexation
The absorption spectra of the reagent solution and the complex solutions are recorded in the wavelength 250-600 nm against the buffer solution and reagent blank, respectively. The typical spectra are presented in Figures 1 and 2 . The Zn(II)-PDT spectra shows an absorption maximum at 430 nm, while the reagent does not show appreciable absorbance at this wavelength at pH 6.0. Hence, 430 nm is chosen for subsequent studies. Similarly, the Zn(II)-2-APT spectra shows a strong absorbance at 360 nm, where the reagent solution does not show appreciable absorbance at pH 9.0. Hence the wavelength 360 nm is chosen for subsequent studies.
Optimum condition for complexation
The optimum pH required for the full color development of the complex solutions were examined in the pH range 1.0-10.0. It was observed that the absorbance is maximum and constant in the pH range 5.0-7.0 and 8.0-10.0 condition for PDT and 2-APT, respectively. Hence pH 6.0 and 9.0 were selected as the optimal condition for further studies of PDT and 2-APT complexes, respectively (Figures 3 and 4) . The absorbance of the complex solutions at λ max of 430 and 360 nm were measured at various concentrations of the reagent solutions (PDT and 2-APT), keeping Zn(II) concentration constant at the optimized pH 6.0 and 9.0, respectively. The studies revealed that a tenfold molar excess of reagent is required for the maximum color development of Zn(II)-PDT, while fivefold for Zn(II)-2-APT. Excess of the reagent solutions had no effect on the absorbance of the complex solutions and therefore further studies were carried out using at least ten-and fivefold molar excess of reagent to Zn(II) for PDT and 2-APT, respectively. The change in the order of addition of various constituents (buffer, metal ion, and reagent) has no effect on the absorbance of the Zn(II) complexes in solution. The absorbance of the solution at 430 and 360 nm was measured at different times to ascertain the time stability of the color of the complex. The yellow color development in both cases is instantaneous and remains constant for about 1 h at the optimized conditions. 
Applicability of Beer's law, molar absorptivity, Sandell's sensitivity, and correlation coefficient
The complex systems were subjected to verification of Beer's law to explore the possibility of trace determination of Zn(II) employing the color reaction under investigation. For the Zn(II)-PDT system, the complex system obeys Beer's law in the concentration range of 0.26-2.62 μg/mL ( Figure 5 ). The molar absorptivity (ε) and Sandell's sensitivity of the complex are 1.8 × 10 4 L/mol.cm and 0.0035 μg/cm 2 , respectively. The specific absorptivity of the system is found to be 0.282 mL/g.cm. The replicate (n = 10) analyses of a solution containing 1.308 μg/mL of Zn(II) gave 1.322 as mean absorbance with a standard deviation of 0.0069 and a relative standard deviation (%RSD) of 0.52. The correlation coefficient value of Zn(II)-PDT system is 0.99959, indicating excellent linearity between the two variables. For the Zn(II)-2-APT system, the system obeys Beer's law in the concentration range of 0.25-2.56 μg/mL (Figure 6 ). The molar absorptivity and Sandell's sensitivity of the method are 2.9 × 10 4 L/mol.cm and 0.0167 μg/cm 2 , respectively. The specific absorptivity of the system is found to be 0.0098 mL/g.cm. The replicate (n = 10) analyses of a solution containing 1.0 μg/mL of Zn(II) gave 0.975 as mean absorbance with a standard deviation of 0.01131 and %RSD of 1.2. The correlation coefficient of the calibration equation of the experimental data is 0.99943. The detection limit (expressed as 3 × standard deviation of blank (n = 10) divided by the slope of the calibration line) of the Zn(II)-PDT and 2-APT methods are 0.064 and 0.084 μg/mL, respectively. Comparing the two reagents, PDT is more sensitive than 2-APT for Zn(II) determination.
Composition and stability constant of the complex
Spectrophotometric investigations of the Zn(II)-PDT and Zn(II)-2-APT complexes were made to obtain composition of the complex using the Job's continuous variation method and molar ratio method. In order for Job's continuous variation method to be applicable four important things should be considered: the system must conform to Beer's law; one complex must predominate under the conditions of the experiment; the total concentration of the two binding partners must be maintained constant, and the pH and ionic strength must be maintained constant (Hill & MacCarthy, 1986 ). Job's plot confirmed that one mole of Zn (II) , respectively. An alternative to the Job's continuous variation method for determining the stoichiometry of metal-ligand complexes is the mole-ratio method in which the amount of one reactant, usually the moles of metal, is held constant, while the amount of the other reactant is varied. Absorbance is monitored at a wavelength where the metal-ligand complex absorbs. Assuming the complex absorbs more than the reactants, this plot will produce an increasing absorbance up to the combining ratio. At this point, further addition of reactant will produce less increase in absorbance. Thus a break in the slope of the curve occurs at the mole ratio corresponding to the combining ratio of the complex. The molar ratio method support the composition of the complex obtained in Job's continuous variation method is 1:1.
Determination of Zn(II) by first derivative spectrophotometry
The first derivative spectra of Zn(II)-PDT complex containing variable amounts of Zn(II) was recorded at pH 6.0 from which the analytical wavelengths were ascertained. The amplitude is maximum and proportional to the metal ion concentration. The peak zero (h) method is followed for peak height measurements and preparation of calibration plot. The maximum peak was observed at 400 nm and two zero crosses at 370 and 455 nm. Therefore, Zn(II) was determined by measuring the amplitude at 400 nm. Beer's law is obeyed in the range 0.06-2.94 μg/mL of Zn(II). The standard deviation of the method (n = 10) of 1.32 μg/mL of Zn(II) is 0.0053 μg/mL giving RSD of 0.4%. The replicate (n = 10) analyses of a solution containing 1.308 μg/mL of Zn(II) gave 1.322 as mean absorbance with a standard deviation of 0.0069 and a relative standard deviation (%RSD) of 0.52. The slope, intercept, and correlation coefficient of the calibration equation for the experimental data are 0.7990, 0.02, and 0.99989, respectively. Similarly, the first-order derivative spectrum of Zn(II)-2-APT complex was recorded at pH 9.0. The first derivative spectrum exhibits maximum amplitude at 385 nm and two zero crosses at 358 and 419 nm. Therefore, 385 nm (peak) is chosen for further studies. Beer's law is obeyed in the range 0.05-2.72 μg/mL of Zn(II). The standard deviation of the method (n = 10) of 1.0 μg/mL of Zn(II) is 0.0098 μg/mL giving RSD of 1.0%. The replicate (n = 10) analyses of a solution containing 1.0 μg/mL of Zn(II) gave 0.975 as mean absorbance with a standard deviation of 0.01131 and %RSD of 1.2. The slope, intercept, and correlation coefficient of the calibration equation for the experimental data are 0.05892, 0.00048, and 0.99983, respectively. A comparative analytical characteristics of the normal (zero) and first derivative spectrometric studies of both complexes is summarized in Table 1 . Similarly, comparing the two reagents, PDT is more sensitive than 2-APT for Zn(II) determination while the first derivative is more sensitive than the normal (zero) order.
Applications of the developed methods for determinations of Zn(II) in real samples
In order to confirm the applicability of the proposed method, it has been applied to the determination of Zn(II) in vegetable and soil samples. The results for this study are presented in Table 2 . A F-AAS method was used as a standard reference method. The performance of the proposed method was compared with F-AAS method using student t-test. Using paired sample t-test at the 0.05 level, the developed methods are not significantly different with F-AAS. Therefore, the results of the developed methods are in good agreement with the standard comparative method. Moreover, comparing the results obtained from the two spectrphotometric reagents, the differences of the developed methods are not significantly different.
The present method was also compared with other existing spectrophotometric methods in the literature (Barman & Barua, 2009; Gaubeur et al., 2002; Islam & Ahmed, 2013; Krishna Reddy et al., 2002; Reddy et al., 2007 Reddy et al., , 2011 Sarma et al., 2006; Sivaramaiah & Raveendra Reddy, 2005; Vieira et al., 2008) (Table 3 ). The developed methods are comparable with the reported methods with respect to the aforementioned analytical performances in various samples matrices (blood, water, food, biological, environmental, and pharmaceutical samples). Therefore, the proposed method could be used as an alternative method for zinc determination in various matrices. 
Conclusion
The PDT and 2-APT have been synthesized, characterized, and successfully applied as complexing agent to determine Zn(II) using spectrophotometry. The PDT is a more sensitive chelating agent than 2-APT for Zn(II) determination while the first derivative is more sensitive than the normal order in both systems. The developed methods are practical and valuable for determination of zinc since it was checked in soil and vegetable samples. Moreover, the method can be used as an alternative method for the determination of zinc in various media. The results showed good agreement with the results obtained by F-AAS methods for soil and vegetable samples.
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